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INTRODUCTION

The colonial ascidian Botryllus schlosseri, most likely
a Mediterranean Sea and European Atlantic species
(Berrill 1950, Millar 1969, Stoner et al. 2002), is one of the
known cosmopolitan invaders of coastal marine commu-
nities (Berrill 1950, Ruiz et al. 2000, Ben-Shlomo et al.
2001, 2006, 2008, Rinkevich et al. 2001, Stoner et al.
2002, Paz et al. 2003). In the Northern Hemisphere, this
species has invaded all Atlantic coasts as far as northern
Scandinavia (B. Rinkevich unpubl. data) and Canada
(Carver et al. 2006, LeGresley et al. 2008), and along the
northern Pacific coasts it is found in British Columbia,
Canada (Epelbaum et al. 2009), and Hokkaido, Japan
(Rinkevich & Saito 1992). Its dispersal is continuously

changing, and records of established new populations
are constantly being added (B. Rinkevich unpubl. data).
In the Southern Hemisphere, this species has been
recorded in New Zealand (Ben-Shlomo et al. 2001),
Australia and Tasmania (Kott 2005), South Africa (Millar
1955, Simon-Blecher 2003), Chile (Castilla et al. 2005)
and Argentina (Orensanz et al. 2002). However, in
contrast to the knowledge available on the Northern
Hemisphere populations, the data available on the broad
distribution of B. schlosseri in the Southern Hemisphere
are sporadic, based on few and irregular field collections.

Botryllus schlosseri is an abundant shallow-water
sedentary invertebrate, with colonies recorded from
the intertidal down to 200 m depth, above and under
stones, on algae and seaweeds and on artificial sub-
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strata (Ben-Shlomo et al. 2001, 2006, 2008, Rinkevich
et al. 2001). Larvae are short living (~1 h). They settle
in close proximity to parental colonies (~1 m; Grosberg
1987, Rinkevich & Weissman 1987, Ben-Shlomo et al.
2008), which restricts long-range dispersal to those
colonies attached to ship hulls, floating objects and
hard shells of traveling and hauled marine organisms
(Berrill 1950, Lambert & Lambert 1998, Bernier et al.
2009). This restricted larval dispersal may shape the
genetic profiles of distinct populations. Indeed,
B. schlosseri populations present micro-geographic
genetic structures with localized gene flows (Grosberg
1987, Yund & O’Neil 2000, Ben-Shlomo et al. 2001,
2006, 2008, Rinkevich et al. 2001, Stoner et al. 2002,
Paz et al. 2003). Actually, worldwide distribution and
population patterns of B. schlosseri are primarily
anthropogenic in nature, most likely developed during
the last millennium, when European travelers began
sailing and exploring the world, co-transferring the
European marine biota (Van Name 1945).

While historical records, vectors and the pace of
Botryllus schlosseri introductions are mostly unknown,
the use of genetic tools may help in elucidating and
tracking these events (Ben-Shlomo et al. 2006), detecting
sporadic versus recurring invasions and major introduc-
tion routes. In the last decade, studies which have con-
centrated on aspects of population genetics mostly in the
Northern Hemisphere (Mediterranean basin, European
waters and the east and west coasts of the US), have elu-
cidated high levels of gene diversity and attested re-
peated invasions (Rinkevich et al. 2001, Stoner et al.
2002, Paz et al. 2003, Ben-Shlomo et al. 2006, 2008). The
population structure of B. schlosseri has rarely been ex-
amined in the Southern Hemisphere, though 1 study
(Ben-Shlomo et al. 2001) revealed that New Zealand’s
populations had probably originated from a few geno-
types. By using microsatellite markers, the present study
discloses aspects of B. schlosseri population genetics on
the east and west coasts of South America, analyzing
gene diversity and possible introduction routes.

MATERIALS AND METHODS

Sampling. Botryllus schlosseri were sampled in
South America at 4 sites, 3 along the western (Pacific,
Chilean) coast (Antofagasta, A1: ~24° S; Algarrobo, A2:
~31° S; and Puerto Monte Oxena (Puerto Monte, A3:
~41° S) and 1 at the eastern (Atlantic, Argentinian)
coast (Mar del Plata, A4: ~38° S) (Fig. 1). All samples
were collected from artificial objects and sedentary
organisms in shallow waters within marinas, as
colonies were not observed growing outside harbors.
These collections also present the only sites where
B. schlosseri populations were found in shallow water

in surveys performed along >2500 km (April–July
2008) of each of the South American coasts. The mini-
mal distance between western populations exceeded
800 km. In total, 130 colonies were collected (30, 30, 35
and 35 from Antofagasta, Algarrobo, Puerto Monte
Oxena and Mar del Plata). Colonies growing at least
1 m apart from each other were peeled off the sub-
strate and placed in a container with fresh seawater.
We chose colonies that did not show any morphologi-
cal sign of natural chimerism resulting from fusion of
compatible genotypes (e.g. mixed colors of a colony
and/or absorption traces).

Genetic analysis. DNA extraction and microsatellite
typing of colonies were performed as per Ben-Shlomo
et al. (2001). Samples from the field were placed sepa-
rately into vials containing lysis buffer (Graham 1978),
homogenized and extracted with phenol/chloroform.
Five Botryllus schlosseri microsatellites, BS-811
(Pancer et al. 1994), PB-29, PB-41, PB-49 and PBC-1
(Stoner et al. 1997), were used following primers and
suggested conditions. The F-primer of each microsatel-
lite was labeled with florescent dye (6-Fam, Vic, Ned
or Pet) and amplification products were sent to an ex-
campus fluorescence reader (Applied Biosystems). The
microsatellite locus that showed the highest number of
different alleles (BS-811) was run twice for all samples,
labeled with 2 different florescent dyes (Vic or Pet) and
sent to 2 alternative fluorescence readers to exclude
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Fig. 1. South America, sampling sites. Chile: A1 = Antofa-
gasta; A2 = Algarrobo; A3 = Puerto Monte Oxena; Argentina:

A4 = Mar del Plata
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the possibility of errors. All samples showed exactly
the same profile with both dyes and readers.

Data analysis. Allele identification, genotyping and
observed heterozygosity (Ho), were determined directly
from the chromatographs using Genotyper software
(Applied Biosystems). Genotyping errors due to null al-
leles, large allele dropout and scoring of stutter peaks,
were tested by Micro-checker software (Van Ooster-
hout et al. 2004). Expected heterozygosity (He) and
Nei’s genetic identity (I) were calculated following
Nei’s gene diversity (Nei 1978). Data were analyzed us-
ing Tools for Population Genetic Analyses (TFPGA)
version 1.3 (Miller 1997) and GenAlEx version 6.2
(Peakall & Smouse 2006). The significance level of
population differentiation (pairwise analysis of all pop-
ulations, exact tests; Raymond & Rousset 1995) was de-

termined after 1000 dememorization steps and
10 batches of 2000 permutations per batch, using
TFPGA version 1.3 (Miller 1997). The analysis of molec-
ular variance (AMOVA) procedure for testing the parti-
tioning of molecular variance within and among popu-
lations and regions followed the methods of Michalakis
& Excoffier (1996) using GenAlEx6.2 (999 permuta-
tions; Peakall & Smouse 2006). Population clustering
was performed using the Bayesian partitioning ap-
proach (Corrander et al. 2009).

RESULTS

The 5 microsatellites were highly polymorphic,
revealing in total 75 different alleles for the 4 sampled
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Table 1. Botryllus schlosseri. Allele distribution among South American populations. A1 to A4: sampling sites, see Fig. 1. Bold: 
most frequent alleles (>0.3). N: sample size (mean number of individuals per loci)

Locus Allele/N A1 A2 A3 A4 Locus Allele/N A1 A2 A3 A4

811 N 26 27 32 34
178 0.462 0.000 0.031 0.000
186 0.000 0.000 0.000 0.029
190 0.000 0.000 0.000 0.015
192 0.000 0.000 0.000 0.176
194 0.000 0.000 0.047 0.059
196 0.000 0.000 0.000 0.015
198 0.000 0.148 0.000 0.015
202 0.019 0.000 0.000 0.000
206 0.000 0.000 0.078 0.000
208 0.115 0.000 0.281 0.000
210 0.000 0.000 0.000 0.015
212 0.000 0.111 0.109 0.206
214 0.000 0.704 0.344 0.000
216 0.115 0.000 0.000 0.118
220 0.038 0.000 0.000 0.000
222 0.077 0.000 0.000 0.044
224 0.038 0.000 0.031 0.015
225 0.019 0.000 0.000 0.000
226 0.000 0.000 0.000 0.074
228 0.000 0.000 0.000 0.118
238 0.000 0.000 0.000 0.029
240 0.000 0.000 0.000 0.029
242 0.000 0.000 0.000 0.015
244 0.019 0.000 0.031 0.000
250 0.000 0.000 0.031 0.000
252 0.000 0.000 0.000 0.015
254 0.000 0.000 0.016 0.015
258 0.019 0.000 0.000 0.000
268 0.019 0.000 0.000 0.000
270 0.000 0.037 0.000 0.000
274 0.019 0.000 0.000 0.000
280 0.038 0.000 0.000 0.000

PBC1 N 29 30 31 35
143 0.034 0.000 0.097 0.000
172 0.000 0.000 0.000 0.029
179 0.000 0.250 0.081 0.186
183 0.190 0.000 0.371 0.114
186 0.069 0.150 0.129 0.029
189 0.121 0.000 0.081 0.114

192 0.000 0.000 0.032 0.029
195 0.000 0.417 0.032 0.271
201 0.534 0.117 0.113 0.086
207 0.000 0.000 0.000 0.057
210 0.052 0.033 0.032 0.000
213 0.000 0.000 0.000 0.057
216 0.000 0.000 0.000 0.029
220 0.000 0.017 0.032 0.000
231 0.000 0.017 0.000 0.000

PB29 N 30 30 35 35
151 0.000 0.000 0.057 0.014
153 0.333 0.533 0.486 0.386
156 0.617 0.450 0.357 0.400
160 0.000 0.000 0.000 0.057
162 0.050 0.017 0.100 0.143

PB49 N 30 28 32 29
206 0.017 0.018 0.000 0.000
207 0.050 0.000 0.313 0.052
209 0.033 0.000 0.000 0.000
217 0.000 0.000 0.000 0.190
219 0.200 0.232 0.031 0.103
221 0.150 0.500 0.391 0.121
223 0.000 0.000 0.000 0.034
225 0.483 0.089 0.125 0.328
228 0.050 0.000 0.000 0.017
230 0.017 0.054 0.031 0.069
232 0.000 0.107 0.094 0.052
236 0.000 0.000 0.016 0.034

PB41 N 29 30 33 35
165 0.000 0.000 0.000 0.086
167 0.086 0.250 0.091 0.143
169 0.431 0.350 0.348 0.186
170 0.052 0.000 0.182 0.157
172 0.069 0.033 0.167 0.243
174 0.000 0.033 0.061 0.057
176 0.155 0.267 0.121 0.129
183 0.000 0.017 0.000 0.000
185 0.155 0.050 0.030 0.000
216 0.034 0.000 0.000 0.000
232 0.017 0.000 0.000 0.000
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populations (32, 15, 5, 12 and 11 for loci BS-811, PBC-
1, PB-29, PB-49 and PB-41, respectively). No large
allele dropout was found for any locus. In each locus, a
few alleles were abundant (frequency per population
>0.3, more than 2 × the expected average; Table 1).
Among these abundant alleles, some were common in
all sampled populations and some in 2 to 3 populations
only, while others were representative of a specific
population. For example, allele 214 of locus 811 was
highly represented in the Algarrobo and Puerto Monte
populations (f = 0.344 and 0.704, respectively; Table 1)
and not recorded in the Antofagasta population. The
Antofagasta population had a high frequency of allele
178 (f = 0.462), which was present only in Puerto
Monte at very low frequency (f = 0.031). In contrast, a
higher number of alleles, with hardly any predominant
one, characterized the Argentinean population of Mar
del Plata.

The mean number of different alleles (Na), observed
and unbiased expected heterozygosity (Ho and He), fix-
ation index (FST) values, number of frequent (>5%)
private alleles (Npa) and number of chimeric colonies
per population (NChim) are presented in Table 2. The
Atlantic Coast population of Mar del Plata, Argentina,
was the most variable, exhibiting the highest gene
diversity (Ho = 0.431, He = 0.823), an enhanced number
of chimeras (29%) and private alleles (7), and the
largest mean number of alleles per locus (Na = 10.2;
Table 2). The central population in the Pacific Coast
(Algarrobo) was marked by the lowest genetic vari-
ability values (Ho = 0.320, He = 0.635, Npa = 0, Na = 5.4).
Despite that, this population demonstrated the highest
percentage of chimeras in the pacific coast (17%;
Table 2). The 4 populations expressed, for all loci,
observed heterozygosity that was much lower than
expected, resulting in positive and high FST-values
(0.401 to 0.468; Table 2). A Hardy-Weinberg exact test
for all loci and for all populations revealed a highly
significant heterozygote deficiency (p < 0.001).

Allele frequencies and distribution differed between
the South American populations and allowed differen-

tiation among them (Tables 3 & 4). Genetic distance
between populations was relatively high (0.256 to
0.614; Table 3), and differentiation among population
pairs across all loci was highly significant (exact test,
p < 0.0001; Table 3). Bayesian partitioning clustering
revealed that each population was clustered sepa-
rately (Fig. 2): the North American populations were
clustered far off the South American populations.
AMOVA revealed that 87% of the calculated variance
was within populations and the rest (13%) character-
ized the among-population aspect (Table 4). No differ-
ence in variance was found between regions (Pacific
versus Atlantic Oceans).

DISCUSSION

Origin of South American populations

European explorations during the last millennium
have leapt over natural barriers between continents
and initiated the introduction of non-indigenous
marine species that spread to areas formerly out of
their reach (Ruiz et al. 2000, Mooney & Cleland 2001,
Stachowicz et al. 2002). The same applies to the world-
wide dispersion of Botryllus schlosseri, including its
introduction to the east coast of South America. The
first B. schlosseri was recorded in Argentina around
1964 (Amor 1964 cited in Orensanz et al. 2002), more
than 130 yr after its arrival on the east coast of North
America in the 1830s (Van Name 1945). Documenta-
tion of B. schlosseri introduction to the west coast of
North America is dated as early as 1944 (Cohen & Carl-
ton 1995), almost simultaneous with that documented
for the western coast of South America (1948 in
Coquimbo Bay, Chile, ~30° S; Van Name 1954). There-
fore, it may be postulated that populations on the west-
ern South American coasts have not originated from
the North American west coast or European popula-
tions. Consequently, they could originate from intro-
duced East Asian populations, South Pacific popula-
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Table 2. Botryllus schlosseri. Genetic diversity of South American populations. N: sample size (mean number of individuals per
loci); Na: number of different alleles; Ho: observed heterozygosity; He: unbiased expected heterozygosity; FST: fixation index, 

= (He – Ho)/He = 1 – (Ho/He); Npa: number of private alleles (frequency higher than 0.05); NChim: number of chimeras (%)

Antofagasta Algarrobo Puerto Monte Mar del Plata Total
Parameter Mean SE Mean SE Mean SE Mean SE Mean SE

N 28.8 0.735 29 0.632 32.6 0.678 33.6 1.166
Na 7.6 1.631 5.4 0.812 7.6 1.122 10.2 2.223
Ho 0.378 0.084 0.32 0.07 0.418 0.066 0.431 0.104 0.387 0.039
He 0.683 0.046 0.635 0.057 0.756 0.034 0.823 0.038 0.724 0.026
FST 0.401 0.177 0.468 0.13 0.419 0.123 0.453 0.146 0.435 0.067
Npa 0 0 1 7
NChim 1 (3%) 5 (17%) 4 (13%)    10 (29%)
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tions and/or by accompanying edible invertebrates
that were trans-shipped for aquaculture across the
South American continent (Mugetti et al. 2004, Castilla
et al. 2005). However, conclusive data about the actual
founding time of the east and the west coasts of South
America are not available.

The complete southern population genetics portrait
of Botryllus schlosseri is further complicated since the
South American populations were marked as geneti-
cally closer to the New Zealand populations than to
North American populations. It is not clear from the
current state of knowledge whether this similarity is
coincidental, mirrors an assigned source of donor pop-
ulations from the Pacific Ocean (New Zealand or Asia)
or reflects markers for adaptations to unknown shared
Southern Hemisphere conditions. The last 2 explana-
tions may explain the high dissimilarity between North
and South American populations. It will be therefore
interesting to analyze the worldwide genetic divergent
of B. schlosseri populations, based on additional South-
ern and Northern Hemisphere populations, all reveal-
ing major trajectories of population connectivity.

Dissimilarity between North and South American
populations

The comparison of the genetic identities between
South (present study) and North American Botryllus
schlosseri populations (Stoner et al. 2002, Ben-Shlomo
et al. 2008) show extensive dissimilarities. In the pre-
sent study we applied a conservative approach by ana-
lyzing only results obtained in the same laboratory, by
the same sets of primers and by coalescing alleles of
proximate lengths. Consequently, the calculated diver-
sity parameters presented are actually underesti-
mated. Nevertheless, there were hardly any common
alleles shared between North and South American
populations. The genetic identity values between
North and South American populations were mostly
lower than 0.2 and the differentiation between them as
expressed by FST values were around 0.25 (range = 0.2
to 0.3; Table 5). A Bayesian Partitioning approach has
clustered the North American populations completely
separately from the South American populations.

Both paired FST and genetic identity values are in-
cluded in a range that usually defines distinct species
(Hedrick 2000), a suggestion that has no support from
classical breeding experiments (Boyd et al. 1990).
Based on molecular biology data, genetic structuring of
populations of Botryllus schlosseri were shown before
(Ben-Shlomo et al. 2001, 2006, Stoner et al. 2002,
Lopez-Legentil et al. 2006), hence the results of the pre-
sent study further suggest distinct B. schlosseri clades.
However, as the microsatellite allele repertoire of South
American B. schlosseri populations are part of the allele
panels presented by the Mediterranean and European
populations (Rinkevich et al. 2001, Paz et al. 2003, Ben-
Shlomo et al. 2006, 2008), we may conclude that all
Botryllus schlosseri populations studied today belong to
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Table 3. Genetic distance (Nei 1978) among populations (for
all pairs, p < 0.001)

Population pair Genetic distance

Antofagasta–Algarrobo 0.614
Antofagasta–Puerto Monte 0.398
Antofagasta–Mar del Plata 0.365
Algarrobo–Puerto Monte 0.256
Algarrobo–Mar del Plata 0.397
Puerto Monte–Mar del Plata 0.338

Table 4. Results of analysis of molecular variance (AMOVA)
to test for the partitioning of molecular variance among
regions (R) and among and within populations (P) of Botryllus
schlosseri (T = total). Probability, P(rand ≥ data), for PhiRT,
PhiPR and PhiPT is based on permutation across the full
data set. PhiRT = AR/(WP + AP + AR) = AR/TOT. PhiPT =
(AP + AR)/(WP + AP + AR) = (AP + AR)/TOT. AR: estimated
variance among regions; AP: estimated variance among
populations; WP: estimated variance within populations;

TOT: total estimated variance

Source df MS Estimated %
variance

Among regions 1 25.386 0.000 0
Among populations 2 33.068 0.8690 13
Within populations 126 5.641 5.641 87
Total 129 6.510 100

Statistic Value P(rand 
≥ data)

PhiRT –0.031 1.000
PhiPR 0.133 0.010
PhiPT 0.107 0.001

Fig. 2. Bayesian partitioning clustering of Botryllus schlosseri
populations from the south and north coasts of America and
New Zealand. CH: Chile; AR: Argentina; NZ: New Zealand
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a single species. Nonetheless, since North and South
American coasts are relatively newly invaded, inva-
sions on the east and west coasts, as on the north and
south coasts, may have taken place by founders with a
different gamut of microsatellite alleles.

Anthropogenic invasion and genetic variability

Genetic distances between the 4 studied populations
were relatively high, marked with statistically signifi-
cant differentiations. Nonetheless, 40% of the alleles
were highly frequent in all Chilean populations, in
spite of the exceeded 800 km geographic distance
between the closest populations. The 2 southern popu-
lations, Puerto Monte and Algarrobo, showed higher
genetic identity (I = 0.744) and thus were probably first
populated by genetically closer genotypes, while the
genotypes that founded Antofagasta site were more
diverse. Although the Argentinean population was
highly variable and presented a higher gene diversity
and mean number of alleles, the genetic distance
between this population and the 3 Chilean populations
is similar to the genetic distances among the Chilean
populations.

A common ancestor scenario is not in accordance
with presumed historical settlement events. Moreover,
since there is no evidence for connectivity between
South American east and west coast Botryllus schlos-
seri populations, gene flow between populations can-
not account for the genetic similarity between the
Chilean and Argentinean populations. It may be that
unnoticed introductions, like those that accompanied
oyster transportation between North American coasts
(Lambert & Lambert 1998), could result in the
described genetic similarities between the east and the
west coast populations in South America. The exten-
sive oyster shipments from the Atlantic coast to the

Pacific coast of North America were documented
between 1870 and 1930 (Cohen & Carlton 1995).
Apparently, about 9 to 10% of introductions of non-
indigenous invertebrate species come from aquacul-
ture, primarily oysters (Williams 2007).

Genetic variability and founder genotypes

Newly established populations are frequently por-
trayed by the founder’s effect, presenting low gene
diversity and few major alleles in studied loci (Avise
1994 and references therein). Indeed, our analysis indi-
cates that each of the 3 Chilean populations originated
from a few genotypes, presenting common alleles in
every locus. The founding genotypes of Puerto Monte
likely possessed alleles 214, 183, 153/156, 221 and 169
in loci BS-811, PBC-1 PB-29, PB49 and PB-41, respec-
tively, while the Algarrobo population originated with
colonies presenting alleles 214, 195, 153/156, 221 and
169, and the Antofagasta population with alleles 178,
201, 153/156, 225 and 169 in the respective loci. The
east coast population of Mar del Plata, Argentina, was
more variable, showing a higher mean number of alle-
les (10.2) than the Chilean populations (6.9), with no
clear founder alleles. Our analysis further revealed
high gene diversity in all studied South American pop-
ulations. Nevertheless, the level of variability in the
east coast population (Mar del Plata, Argentina, He =
0.82) was significantly higher than in the west coast
populations (Chile, He = 0.63 to 0.76, p < 0.05).

The history of European exploration to the northeast
and southeast coasts of America dates back 500 to
600 yr, and exploration to New Zealand dates back
150 yr. If the major factor affecting genetic variability
of a newly established population is the time since the
first colonization, it is expected that gene diversity
levels would correspond to this time. Consequently, it
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Table 5. Pairwise population matrix of Nei’s unbiased genetic identity (below diagonal) and pairwise population FST values
(above diagonal) between Southern Hemisphere and North American populations. NZ: New Zealand

Chile - Chile - Chile - Argentina - NZ - NZ - USA - USA - 
Antofagasta Algarrobo Puerto Mar del North South West East 

Monte Plata Island Island Coast Coast

Chile - Antofagasta 0.108 0.067 0.057 0.129 0.121 0.299 0.232
Chile - Algarrobo 0.541 0.056 0.069 0.099 0.138 0.317 0.257
Chile - Puerto Monte 0.672 0.744 0.043 0.073 0.107 0.264 0.226
Argentina - Mar del Plata 0.694 0.672 0.713 0.096 0.085 0.239 0.202
NZ - North Islanda 0.425 0.572 0.651 0.466 0.085 0.328 0.291
NZ - South Islanda 0.397 0.401 0.417 0.484 0.665 0.304 0.264
USA - West Coastb 0.100 0.086 0.134 0.164 0.037 0.065 0.366
USA - East Coastb 0.226 0.164 0.133 0.173 0.004 0.047 0.062
aBen-Shlomo et al. 2001; bBen-Shlomo et al. 2007, established on 4 loci
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is likely that the Atlantic coast populations of America
would show higher gene diversity levels, the New
Zealand population intermediate levels and the Pacific
coast populations of America would show the lowest
levels of variability. Surprisingly, the results of our
studies (Ben-Shlomo et al. 2001, Stoner et al. 2002,
present study) have revealed comparable levels of
gene diversity in most of the Botryllus schlosseri invad-
ing populations with no correlation with time of intro-
duction or with eco-geographical region. The level of
gene diversity (He) in South America Pacific coast
populations (0.63 to 0.76) was similar to He signatures
of both North American coasts (0.68 to 0.74) and New
Zealand populations (0.63 to 0.68). The only exception
was the population of Mar del Plata, which showed a
significantly higher level (0.82). Such a high level is
equivalent to the diversity level characterizing the
Mediterranean and South European well-established
native populations (Paz et al. 2003, Ben-Shlomo et al.
2006).

As differences in diversities between the Argen-
tinean population and the Chilean populations could
not be attributed to earlier settlement events on the
east coast, one could address the possibility of
repeated colonization events in Mar del Plata. Mar del
Plata is an important tourist resort and its harbor con-
sists of a nautical sports club, a commercial port and a
navy base (Spivak et al. 2006). The La Plata River basin
and the adjacent ocean has experienced massive inva-
sion of exotic species that have successfully displaced
native species (Mugetti et al. 2004). Invasions could
probably be further enhanced by fast degradation of
native biodiversity, resulting from overexploited fish-
eries and marine pollution (Mugetti et al. 2004).

Allogeneic contacts between Botryllus schlosseri
colonies may result in colony fusion (chimera forma-
tion). Thus the level of chimerism reflects fusion fre-
quencies that are correlated with colony densities a
few months prior to the date of collection. We define a
colony as a chimera if it shows more than 2 different
alleles in a single microsatellite locus. This definition
underestimates the actual number of chimeras since it
ignores fusions between individuals sharing the same
allelic determinants. Chimeric individuals were found
in all populations (Table 2). However, the population of
Mar del Plata also presents the highest number of nat-
ural chimera (29% of the samples), suggesting higher
density of settled colonies in this population.

CONCLUSIONS

Our genetic analyses, using microsatellite markers,
revealed high gene diversity in South American popu-
lations of Botryllus schlosseri. A limited number of

genotypes probably founded the Pacific Chilean popu-
lations, while the Atlantic Argentinean population was
repeatedly colonized by new genotypes. The South
and North American populations of B. schlosseri
showed extensive dissimilarities, suggesting distinct
clades.
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